The lichen Cladonia salzmannii can influence the arbuscular mycorrhizal formation (AMF) of sandy soils in the Brazilian Northeast, thereby contributing to improved vascular plant growth. The objective of this work was to evaluate how C. salzmannii changes the biological processes of soil in a tropical savannah ecosystem where soils have low nutrient availability, so any lichen-induced effects would be important. The microbial activity, AMF, growth of Genipa americana and chemical-physical characteristics of the soil were analyzed. Soil samples were collected under pillows of lichen thalli or in open spaces without them. Chemical and biological soil attributes were evaluated by analysis of soluble and exchangeable cations, microbial activity and AMF colonization. The presence of barbatic acid (BAR), a major compound of C. salzmannii, was detected in the soil, which positively influenced soil properties. AMF colonization was higher in lichen-covered soil. G. americana seedlings were grown under greenhouse conditions, the experiment was done in a randomized design of 4 inoculation treatments. The inoculated plants with lichens+AMF presented greater growth parameters. The results could indicate that BAR is capable of stimulating the association between plants and AMF, linking the root and the soil system. This arrangement improves a positive feedback loop established between lichen-AMF-vascular plant.
Introduction
About 180 (Vasconcelos et al., 2015) , as well as the allelophatic effect of compounds produced by this species (Tigre et al., 2012) . In addition to C. verticillaris, in these areas one may find C. salzmannii, whose main phenolic compound is barbatic acid (BAR), a depside composed of two phenolic units with an ester bound. This substance can be leached by rainfall and accumulate in soil. In this way symbiotic organisms play an important ecological role; lichens affect the chemistry of rocks during soil formation (pedogenesis). The weathering action of lichens on rocks involves both biogeophysical and biogeochemical processes. Rhizine penetration and thallus expansion-contraction are import mechanisms involved in biogeophysical weathering, whereas lichen substances are important in biogeochemical weathering due to their ability to release complex metal cations from the mineral substratum (Vasconcelos et al., 2015) . The presence and stability of lichen substances may exert a direct or indirect effect on other organisms. The negative influence of these substances against fungi and bacteria and their allelophatic effects have been shown in several in vitro growth experiments (Martins et al., 2010; Tigre et al., 2012) . Brown and Mikola (1974) observed limited growth of Pinus silvestris and Picea abies caused by the action of a water extract from Cladonia alpestris, where usnic acid is the major substance in this species. The authors associated that growth limitation to inhibition of ectomycorrhizal fungi. The opposite effect has also been observed; after the removal of lichen cover an increase of ectomycorrhizal community diversity was observed which caused a decrease in the mortality of vegetation dependent to this symbiosis (Markkola et al., 2002) . After assessing microorganism activity in the soil under Cladina stellaris, Stark and Hyvärinen (2003) suggest that lichen substances, such as usnic and perlatolic acids, are carbon sources for the microbial community in the soil under lichen cover. Similarly, Ohtonen and Väre (1998) In addition to this, arbuscular mycorrhizal fungi (AMF) interact directly with plants, participating in the transfer of mineral nutrients from soil micro-compartments that are not accessible to roots, benefiting plant productivity. AMF belong to the sub-phylum Glomeromycotina (Spatafora et al., 2016) and play a crucial role in soil carbon storage and are widespread in most ecosystems, where they colonize more than 85% of land plants (Pérez et al., 2011) . Plants are important in soil aggregate formation and the role of AMF is as vital because AMF symbioses influence the root system, enhancing the consolidation of soil particles (Hallett et al., 2009) . Armada et al. (2016) suggested that mycorrhizal inoculants may be more important than chemical fertilization orchestrating antioxidant activities along the process of Retama sphaerocarpa drought tolerance. It has also been demostrated that arbuscular mycorrhizal symbiosis play a principal role in the aluminum tolerance capacity of wheat developed in those soils with high phytotoxic aluminum levels and fungal native populations adapted to these conditions (Seguel et al., 2016) .
Soil and vegetation composition are the main factors that determine the presence and development of AMF. Thus, the presence of allelochemicals in the soil can affect mycorrhyzal associations, acting as inhibitors or stimulators of these symbioses. Some roles of AMF have been related to the production of a fungal substance, termed glomalin. Glomalinrelated soil protein (GRSP) pools have influences at the ecosystem scale; the latest studies have demonstrated different factors controlling GRSP production such as fungal community composition, fungal physiology, and cell biology aspects, as well as other soil biota, soil physical and chemical characteristics, and fungus-host plant species combinations (Singh et al., 2013) .
Besides the interations of lichens and AMF with
Tabuleiro soils, plant cover can also be influenced by the actions of both organisms. One of the most representative families of flowering plants in the cerrado is that of the Rubiaceae, with G. americana (a tree species) being the most representative in this area. In this way, a study assembling lichen, AMF and a representative species of this ecosystem would contribute to the knowledge of its dynamics. Our study asked whether the lichen metabolites altered the chemical and physical characteristics of the soil, whether the lichen influenced soil microbial communities, mycorrhizal symbiosis and vascular plant growth. This is a relevant ecological study that addresses the less well understood role of soil lichens in the cerrado, where they are in direct contact with the soils but represent a small portion of total productivity. Thus, the objective of this paper was to ascertain the influence of C. salzmannii, which contains BAR as a major phenolic, on soil biological processes in a tropical savannah ecosystem, for which soil analysis, measurements of AMF and growth of Genipa americana were analyzed. Furthermore, in the light of the little research about this subject, this study represents the first involving BAR-AMF-G. americana.
Materials and Methods

Lichen material
C. salzmannii samples were collected during the months of November and December from sandy soils of cerrado, in Alhandra-PB (Paraiba, NE of Brazil, Latitude 7º24´S, Longitude 34º57´W, Altitude~107m).
In the laboratory the lichen material was separated from its substrate and stored in paper bags. Determination of the lichen was accomplished using standard methods, using chemical and morphological thallus characters. Dried specimens were deposited in the 
Soil material
Samples of Typic quartzpsamments soil from Alhandra-PB (cerrado) were studied during the months of November and December. Samples of this soil were collected under small pillows of C. salzmannii thalli 
Soil analysis
Analysis of soil chemical and physical characteristics took place at the fertility laboratory of the Empresa Pernambucana Agropecuária (IPA).
Soil CO 2 respiration test method was modified (Haney et al; 2008) . CO 2 evolution was determined using 100 g soil, moistened to 10% of its water-holding capacity, placed in hermetically sealed flasks and incubated for 15, 45 and 60 days at 28°C. The CO 2 emitted was collected in 10 mL 0.1 M KOH, unreacted alkali in the KOH traps was back-titrated with 1 N HCl solution to a phenolphthalein endpoint which is relative to the amount of CO 2 -C released by soil microorganisms.
Basal soil respiration was calculated by subtracting the cumulative 15-day CO 2 -C from the cumulative 60-day CO 2 -C.
Microbial biomass was determined by the fumigation-extraction method, the most commonly used classical technique. Extractable organic C from soil samples, either fumigated or non-fumigated with chloroform, was extracted with 0.5 M K 2 SO 4 and after oxidation with potassium dichromate (K 2 Cr 2 O 7 ), the C content was measured by titration with 0.033 N (NH 4 ) 2 Fe(SO 4 ) 2 (Vance et al., 1987) . Fumigation breaks microbial cells, a variation of the fumigation method, is to do an extraction of the soil after chloroform fumigation. The C content in the extractant is then compared to the amount of C in a similar soil that has not been fumigated. The difference is due to the C released from the microbial biomass.
FDA (Fluorescein Diacetate) Hydrolysis was estimated as described by Swisher and Carrol (1980) protein assay (Bradford, 1976 , 1980) . The number of AMF spores was determined by wet sieving, followed by centrifugation in 40% sucrose (Jenkins, 1964) 
Thin Layer Chromatography
The soil samples, lichen extracts and standard substance (BAR) were submitted to TLC, carried out on silica gel plates F 254+366 MERCK, developed on A solvent system (toluene/dioxan/acetic acid, 180:45:5, v/v/v). The spots were visualized under UV short and long wavelengths (254 and 366 nm). After this procedure, the plates were sprayed with H 2 SO 4 solution (10%) and heated to 50ºC for 30 min, for spot color reaction. The BAR used as standard was extracted from C. salzmannii and the purification was done according to Martins et al. (2010) .
Greenhouse experiments
The experiment was done in a randomized design of 4 treatments: control (C), lichen (L), L+AMF and AMF in 5 replicates, and was carried out under greenhouse conditions at room temperature (28ºC ± 3ºC).
G. americana seeds collected in the study area were of shoot (leaves and stems) and roots were obtained by oven-drying at 50ºC until constant weight (~96 h).
AMF colonization was measured as described above.
Satistical analysis
The results were submitted to analysis of variance Table 1 . In both cases, sandy soil texture was found, but there were differences in the chemical characteristics of the soils from the different areas assessed. Soils under the lichen C. salzmannii presented a higher pH value, sum of bases (S), cationic exchange capacity (CEC), base saturation (V) and calcium concentration (Ca); and lower value of aluminum (Al).
There is evidence that C. salzmannii affects some sandy soil parameters. As a result, the second part of this study investigated the biological influence of this lichen. Effects that lichens have on the interaction between soil microbial activity, mycorrhizal colonization and growth of G. americana seedlings were evaluated. The activity of the microbial community did not respond dramatically to lichens. In bare sandy soils high values of soil carbon dioxide respiration were observed, but these were not statistically different from those found in sandy soils with C. salzmannii cover (Table 2) . Two assumptions are implicit in the calculation of biomass C from the carbon dioxide flux associated with chloroform fumigation: C from killed microorganisms is mineralized to carbon dioxide more rapidly than that in living microorganisms and death caused by fumigation is essentially complete.
For these reasons, in order to know the effects of C.
salzmannii cover on microbial activity in soils, the mass of microorganisms was assayed. The lichencovered sandy soil had a higher microbial biomass than the bare sandy soils, but none that would lead to any general conclusions ( Table 2 ).
The interactions of C. salzmannii-mycorrhizal fungi associations were also evaluated in this research. Extracellular glycoproteins produced by AMF, named glomalin, that are operationally quantified from soil as GRSP were evaluated. In this study C. salzmannii did not have significant effects on GRSP levels (Table 3), additional mycorrhizal parameters were also assessed, such as percentage of root colonization and AMF spore number. Arbuscular mycorrhizal abundance was assessed using a stereomicroscope, whose results are also shown in Table 3 . Arbuscular mycorrhizal colonization of soil samples from below C. salzmannii cover and from areas without lichen. Values are the mean of ten samples consisting of three subsamples taken from depths of 0 to 20 cm and mixed. Means followed by different letters are significantly different according to Tukey´s test (P≤0.05).
The values were transformed into arcsine x/100 (colonization) and log x +1 (spore numbers). The chemical characterization of phenolics produced by C. salzmannii was determined using TLC and HPLC-UV analyses. The major phenolic compound detected was BAR ( Figure 1A ). Through TLC assays it was possible to observe that soil extracts also contained this substance ( Figure 1A ), however HPLC-UV analysis revealed low concentration of the substance, an average of 3.9 µg mL -1 . Since lichens seem to affect soil parameters (Table 1) and AMF colonization (Table 3) As previously described, under natural conditions, C.
salzmannii promotes AMF colonization (Table 3) (Kliemann, 2003) .
According to the results obtained (Table 1) oxide respiration and FDA were quite similar, but microbial biomass can be distinct from those (Schünurer and Rosswall, 1982) . More efficient microbial communities accumulate C in their biomass, and consequently present lower microbial respiration values which result in loss of C to the atmosphere (Dadalto et al., 2015) . In this way, the results obtained in our study indicate that soil coverage with C. salzmannii can help to increase carbon sequestration and to mitigate, to a lesser extent, global warming.
Lichen presence in the soil resulted in different levels of mass of microorganisms, and although C. salzmannii favored FDA hydrolysis, statistical differences have not been found compared to bare soils. A possible consequence is that lichen cover could also affect microbial biomass (Table 2) Generally, more than 90% of the energy in a soil system passes through microbial decomposers, therefore an assay which measures microbial decomposer activity will provide a good estimate of total microbial activity. However, the current method for measuring FDA hydrolysis in soils is limited in its application. Adam and Duncan (2000) found that FDA hydrolysis was very low in sandy and/ or clayey soils with low microbial activity, which must also be taken into account in this study.
Sandy soils have been defined by their low microbial activity, what makes the measurement of FDA hydrolytic activity more difficult. In addition, Green et al. (2006) found that acetone caused a decrease of ~ 37%
in the absorbance of fluorescein produced by the soil samples measured, however this solvent was found to be most efficient at stopping the hydrolysis reaction.
During this study parameters of the hydrolysis reaction were modified for the measurement of soil samples according different methods previously reported.
The optimization of this method could explain why the increase in FDA hydrolisis activity was not statistically significant while the microbial biomass was.
The comparison showed some differences between areas with C. salzmannii cover and bare sandy soils in cerrado (Brazil), but it is not possible to identify any general conclusions. The only differences were small and seem to favor microbial and biochemical activity in lichen-covered, sandy soils compared to bare areas. As other species begin to dominate an ecosystem, decaying lichen material provides additional nutrients.
Based on this, it was also decided to evaluate the in- hyphae and thalli, and can be leached out to the soil by rainfall or dew. Thus, such substances can affect the soil in different ways (Asta et al., 2001; Vasconcelos et al., 2015 Vasconcelos et al., , 2016 . (Table 4 ). In the L and L+AMF treatments, the V value increased by ~50%, which is related to the high Ca and Mg levels detected and higher pH value. In addition, many reports where different pH conditions were studied have shown root colonization to be reduced at lower pH.
It can be assumed that the presence of C. salzmannii and AMF modifies greenhouse soils, making them more fertile as is the case in cerrado soils (Table 1) .
It would seem that treatments can improve the chemical parameters of soil. In addition, a slight presence of AMF spores was observed in the controls (Table 5) The results of the present study contribute to our understanding of how lichens interact with cerrado soils and therefore why the maintenance of lichen is important.
It is necessary to examine the overall factors, which act at the lichen interface with any biotic or abiotic substrate. This interdisciplinary and integrated research can serve as a gateway for educating the public about the roles of lichens in ecosystems
